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It is estimated that the facet joint is a source of nociception in 36%-67% of 48 individuals with persistent neck pain.
1-3 Patients, with persistently high levels of 49 neck pain/disability for at least three months, who fail to respond to conservative 50 pharmacological or rehabilitation interventions may undergo facet joint 51 interventions. 4 In the United States, between 1997 and 2006, facet joint 52 interventions increased in clinical use by 624%, 5 which is notable, because they 53 are invasive procedures, associated with significant costs, and carry a small risk 54 of adverse events to the patient. 55
In many jurisdictions, where resources are limited, there are lengthy wait-56 times for facet joint interventions. Diagnostic facet joint blocks are used to 57 determine an individual's suitability for an intervention. However those who fail to 58 positively respond to the diagnostic blocks, magnify delays for those who are 59 appropriate candidates. Determining candidacy for diagnostic facet joint blocks is 60 typically clinician-driven. At present there is little evidence to suggest stand-alone 61 patient history or clinical examination can predict the outcome of these 62 procedures. 6 Although controversial, clinical tests such as range of motion 63 (ROM), segmental palpation (PST), the extension-rotation test (ERT), and 64 manual spinal examination (MSE) are used as tools to assist clinicians assessing 65 patients who may be suffering from cervical facet joint mediated pain. [7] [8] [9] As with 66 most clinical decision-making, no single test can reliably identify the facet joint as 67 the source of pain. The derivation of a clinical decision guide (which pools 68 findings from a cluster of clinical tests), may improve the accuracy of determining 69 candidacy for diagnostic facet joint blocks. Consecutive subjects with persistent neck pain, referred for diagnostic facet joint 84 blocks were approached to participate. Subjects between the ages of 18-65 85 years with reported neck pain intensity of ≥3/10 on a Numeric Pain Rating Scale 86 (NPRS) for a minimum of 3 months were included. 12 The value of ≥3/10 was 87 selected to exceed the reported measurement error of the NPRS. 13 Exclusion 88 criteria were: cervical radiculopathy, upper motor neuron disease; neck pain 89 related to systemic disease, infection, neoplasm, or fracture; a medically 90 diagnosed psychological disorder; uncontrolled diabetes; uncontrolled clotting 91 disorder; pregnancy; workers compensation claim or ongoing litigation. 92 M A N U S C R I P T
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Procedures 94
Upon enrollment, subjects completed a demographic questionnaire and 95 four standardized self-report measures. The Neck Disability Index (NDI), Pain 96
Catastrophizing Scale (PCS), General Health Questionnaire-28 (GHQ-28), and 97 the self-report version of the Leeds Assessment of Neuropathic Symptoms and 98
Signs pain scale (S-LANSS) are reliable/valid measures for spine-related pain. 
Clinical examination 106
One of four experienced physiotherapists with 10-25 years of clinical 107 experience assessed subjects prior to the diagnostic blocks. To standardize the 108 examinations, all physiotherapists received a training manual outlining the 109 operational definitions of the clinical tests and a one-hour training session. 110
The examination included cervical ROM testing, the ERT, MSE, and PST. 111
Measurements of ROM into flexion, extension and side-flexion were made with a 112 inclinometer. 24 Rotation was measured using a dual-armed goniometer.
24
113
Thoracic movement was consciously minimized and subjects were asked to 114 move their head and neck as far as possible. ROM was measured and subjects 115 reported any pain on an NPRS, which was subsequently categorized asM A N U S C R I P T
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'increased', 'decreased' or 'no change' in familiar pain. For the ERT, subjects 117 were seated and asked to extend fully their head, followed by rotation to both 118 sides. Subjects reported any pain at the end of motion. A positive test was 119 defined as the provocation of familiar cervical spine pain intensity (≥3/10). 120 MSE 7,25 was performed to detect the presence or absence of cervical facet 121 joint dysfunction. 7, 23 The subject was positioned prone with their cervical spine in 122 a neutral position. The assessor applied a posterior-anterior directed force over 123 the articular pillars from C2-3 to C6-7 on each side (diagnostic facet joint blocks 124
were not performed for the C0-1 and C1-2 joints). Any perceived resistance to 125 motion was categorized as 'normal', 'slight', 'moderate', or 'marked'. 23 The 126 subject also reported any pain provocation on a NPRS; with a positive test 127 defined as a report of familiar local or referred pain of ≥3/10 when the assessor 128 rated 'moderate' or 'marked' resistance to motion. 
Data Analysis 169
The sample size was determined a priori based on the reported 170 prevalence (36%-67%) of facet joint pain in the cervical spine.
1-3 With 171 conservative use of this data, we estimated the prevalence of facet joint pain in 172 our sample to be 40%. In deriving a CDG from multivariable regression analyses, 173 at least 10 outcome events (diagnosis of facet joint pain) should occur for each 174 predictor variable.
33,34 A priori, we determined that a CDG with more than five 175 predictor variables may not be efficient for clinicians utilizing the guide in 176 practice. From this, our study would require at least 50 positive outcome events 177 (subjects diagnosed with facet joint pain). Given an anticipated prevalence of 178 facet joint pain in our sample of 40% and the use of up to five predictor variables 179 in the CDG, the number of subjects needed in our study was 125 (50/n = .40). (Table 1) and non-participants. The C5-6, C6-7, and C2-3 206 facet joints were the most frequent joints to undergo diagnostic facet joint blocks, 207 with a prevalence of 36%, 33%, and 23% respectively. Of the 125 subjects, 52 208 M A N U S C R I P T
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Clinical Decision Guide Facet Pain (42% pre-test probability/prevalence) had positive responses to the blocks. Of 209 the positive responders, 14 were positive at C2-3; 12 were positive at C3-4; four 210 were positive at C4-5; 21 were positive at C5-6; and 11 were positive at C6-7, 211 and 10 were positive at two levels (i.e., C2-3 and C3-4). There were no adverse 212 events associated with the index tests or reference standard. 213
From the statistically significant univariate logistic regression analyses, the 214 most robust odds ratios were found with PST, followed by MSE and the ERT 215 (Table 2 ). In all three analyses 95% confidence intervals were wide. Table 3 probability of a diagnosis of facet joint pain decreased to 5% (Table 4) . 224
In analyzing the results of the multivariate logistic regression analysis, 225 because of high agreement between MSE and PST, collinearity was evident in 226 the model (Table 5) . 37 As a result, multivariate logistic regression analyses were 227 performed for two separate models with one containing the predictor variable 228 
Discussion 240
This study is the first to derive a CDG, incorporating the findings from a 241
cluster of clinical tests, with utility to predict a diagnosis of cervical facet joint 242 mediated pain. Our findings indicate that a positive stand-alone finding on the 243 extension-rotation test lacks the diagnostic accuracy to rule-in facet joint 244 mediated pain, and suggests a similar conclusion for MSE and PST when used 245 in isolation. In contrast, our results showed that the MSE and PST exhibit high 246 sensitivity and low LR-, used as a stand-alone finding or in combination, which 247 supports their use as potential screening tests prior to referring a patient for facet 248 joint blocks. Our data indicated that the lowest LR-was associated with the PST 249 test (CDG 2). Subsequently, if a patient tests negative on the PST test, this 250 provides clinicians with a large and notable shift in probability that the patient 251 does not have facet joint mediated pain. behaviour. 40, 41 The MSE and PST tests are both relatively simple to use, clinically 277 relevant, and the standardized testing protocol is efficient. 278
The assessment process used in this study requires explicitly applied 279 movements to the joints and muscular tissue of the neck and has been 280 historically used to assess patients with suspicion of cervical facet joint pain. patients with neck pain undergoing a single facet joint block. Remarkably, the 302 manual spinal examination used in their study was 100% sensitive and 100% 303 specific in deciphering those with and without facet joint pain. In our study, we 304 incorporated a similar MSE procedure, but we compared our index test findings 305 against those of the currently accepted reference standard, comparative, 306 controlled MBBs, for the diagnosis of facet joint pain. 27 Single diagnostic blocks 307 provide high false positive rates ranging from 27% to 63%. 29, 30 This finding 308 challenges the magnitude of the sensitivity and specificity noted by Jull et al.
, 309
and may explain some of the discrepancies between our findings. 310
King et al. questioned the value of the MSE. Using comparative, controlled 311
MBBs as the reference standard, King et al. 6 reported a sensitivity of 89% 312 (95%CI: 82%-96%), specificity of 47% (95%CI: 37%-57%), and a LR+ of 1.7 313 (95%CI: 1.2-2.5). In their study, only patients with positive results on the MSE 314 underwent the criterion standard facet joint blocks. As a result, measurement 315 bias (verification bias) may explain the differences between our study results. were sophisticated, one needs to be cautious when interpreting their findings, as 323 their study sample was small and not powered to determine diagnostic accuracy 324
statistics. 325 326
Study Limitations 327
Our assessors were experienced physiotherapists, thus the findings may 328 not necessarily be generalizable to all clinicians. The subjects had diagnostic 329 facet joint blocks to the putatively painful joints based on their pain pattern and 330 response to the previous facet joint blocks, and did not receive facet blocks at 331 every spinal level in the neck. Nonetheless, by having every subject undergo the 332 reference standard, we believe that we minimized diagnostic work-up bias. 47 The 333 subjects duration of symptoms was highly variable, which may have influenced 334 our results. Importantly, our study sample is representative of patients referred 335 for diagnostics facet joint injections, facilitating the clinical utility of our findings. M A N U S C R I P T 
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